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DENDROCLIMOTOLOGICAL RESEARCH OF SCOTS PINE IN STAND  
OF THE LEFT-BANK FOREST-STEPPE OF UKRAINE 
 
Purpose of this research was to detect influence of climatic change on pine radial increment in stand in the 
Left-bank Forest-steppe of Ukraine as example 100-years-old stand at State Enterprise 'Kharkiv forest scientific 
research station’. Methods. Dendrochronological. Method of correlation function and multiple regressions (re-
sponse function) were used to analyze the influence of climatic factors on tree radial increment. For this purpose 
computer program RESPO was used. Results. Tree ring series were built and were used for correlation analysis 
between climatic factors and pine radial increment for two periods: 1960-1988 and 1988-2016.Years of mini-
mum (1933, 1942, 1956, 1972, 1976, 1976, 1987, 1992, 2002, 2006 та 2012) and maximum (1933, 1942, 1956, 
1972, 1975, 1976, 1979, 1979, 1979, 1987, 1992, 2002 та 2012) of radial increment were detected.  Depressions 
of pine radial increment were as a result of negative weather conditions: low and high winter and early-spring 
temperature, droughts during vegetation period.  Maximums of radial increments were depended on favorable 
weather conditions for pine radial growth. Correlation and Response analysis for two periods showed that in-
crease of temperature and precipitation, excluding winter precipitation, changed response of forest ecosystems to 
climatic change: if in first period (1960-1988) radial increment limited by April temperature and together July 
temperature positively influenced on radial growth, in second period (1988-2016) June temperature negatively 
infuenced on radial increment. Slight increase precipitation during vegetation period could not soften impact if 
high temperature during vegetatation period on tree radial increment. Conclusions. At comparison 1960-1988 
and 1988-2016 it was detected that during first period positive influence of summer temperature on radial growth 
was distinctive and for second period one started to limit increment (negative influence) were detected. Slight 
increase of precipitation for vegetation period in second period significantly didn’t influence on pine radial 
growth. In second period increase of winter temperature and number of thaws negatively influenced on soil 
moisture, decreased of tree ring widths. 
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Висоцького 
ДЕНДРОКЛІМАТОЛОГІЧНІ ДОСЛІДЖЕННЯ СОСНИ ЗВИЧАЙНОЇ В НАСАДЖЕННІ 
ЛІВОБЕРЕЖНОГО ЛІСОСТЕПУ УКРАЇНИ 
Мета. Виявлення впливу змін клімату на радіальний приріст сосни в Лівобережному степу на прик-
ладі 100-річного соснового насадження ДП «Харківська лісова науково-дослідна станція». Методи. Ден-
дрохронологічні. Результати. Створено деревно-кільцеві хронології, які використано у встановленні 
зв’язків між кліматичними чинниками та радіальним приростом сосни за два періоди: 1960-1988 та 1988-
2016 рр. Кореляційний аналіз та функція відгуку за два періоди показали, що при збільшенні температур 
та кількості опадів (виняток – зимові опади) змінилася реакція лісових екосистем на зміни клімату: так, 
якщо в першому періоді (1960-1988 рр.) радіальний приріст обмежували квітневі температури, водночас 
позитивно впливали липневі температури, то у другому періоді (1988-2016 рр.) червневі температури вже 
негативно впливали на приріст. Незначне збільшення кількості опадів за вегетаційний період не змогли 
пом’якшити вплив високих температур вегетаційного періоду на радіальний приріст. Висновки. При 
порівнянні 1960-1988 та 1988-2016 рр. виявлено, що якщо для першого періоду характерний позитивний 
вплив літніх температур на радіальний приріст, то для другого періоду вони починають обмежувати при-
ріст. Незначне збільшення кількості опадів за вегетаційний період у другому періоді не змогло 
пом’якшити вплив високих температур  на радіальний приріст дерев.   
Ключові слова: радіальний приріст, сосна звичайна, зміни клімату 
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ДЕНДРОКЛИМАТИЧЕСКИЕ ИССЛЕДОВАНИЯ СОСНЫ ОБЫКНОВЕННОЙ В НАСАЖ-
ДЕНИИ ЛЕВОБЕРЕЖНОЙ ЛЕСОСТЕПИ УКРАИНЫ 
Цель. Выявление влияния изменений климата на радиальный прирост сосны в Левобережной степи 
Украины на примере 100-летнего соснового насаждения ГП «Харьковская лесная научно-
исследовательская станция». Методы. Дендрохронологические. Результаты. Созданы древесно-
кольцевые хронологии для установления связей между климатическими показателями и радиальным 
приростом сосны за два периода: 1960-1988 та 1988-2016 гг. Корреляционный анализ и функция отклика 
за два периода показали, что при увеличении температур и количества осадков (исключением стали зим-
ние осадки) изменилась реакция лесных екосистем на вариации условий природной среды. Так, если в 
первом периоде (1960-1988 гг.) радиальный прирост ограничивали апрельские температуры, в то же вре-
мя на прирост положительно влияли летние (июльские) температуры, то во втором периоде летние тем-
пературы (июнькие) стали негативно влиять на прирост деревьев. Незначительное увеличение количест-
ва осадков за вегетационный период не смогло смягчить влияние высоких температур вегетационного 
периода на радиальный прирост. Выводы. При сравнении 1960-1988 и 1988-2016 гг. выявлено, что для 
первого периода характерно положительное влияние летних температур на радиальный прирост, однако 
для второго периода они начинают ограничивать прирост деревьев. Незначительное увеличение количе-
ства осадков за вегетационный период не смогло смягчить влияние высоких температур вегетационного 
периода на радиальный прирост.  
Ключевые слова: радиальный прирост, сосна обыкновенная, изменения климата 
 
Introduction 
For the past 100 years temperature in-
creases by 0.4-0.6°С in Ukraine [1].This cli-
matic change will be able to move natural 
habitats and borders of forest areas, changes of 
dominant tree species and level of resistance of 
forest ecosystems [3]. As result of growing of 
stands in relatively favourable climatic and soil 
conditions, to reveal complex of factors limited 
tree growth sometimes enough difficult be-
cause it changes during calendar year. 
In previous studies it was elicited tree 
ring formation in stands growing in conditions 
of temperate climate are limited by tempera-
tures of the growing period, early spring and 
winter, as well precipitation for the growing 
period [4, 5, 6, 8, 9].  
The current increase of average tempera-
ture caused to necessity of adaptation of forest 
ecosystems to new conditions. Study of change 
of response of forest ecosystems to change of 
climate is very important. By reason of tree 
rings record not only information about chang-
es in natural environment, also the tree re-
sponse to these changes. So tree rings will able 
to be as biological indicators and integral fac-
tor of state of forest ecosystems.  
Aim of this study was elicitation of in-
fluence of climate change on pine radial 
growth in stands of the Left-bank Forest-steppe 
in Ukraine on example 100 year old pine stand 
in South forestry.  
Materials and methods 
Dendrochronological methods were used 
[2, 10, 11, 12]. Pine cores were collected in 
100 years old pine stand growing at the State 
Enterprise ‘Kharkiv forest scientific research 
station’ (quarter №159, board №2, latitude 
50˚03’27”N, longitude 36˚21’08”E). Main tax-
ation indices of planting: average height of 
trees is 24 m, average diameter trees is 42sm, 
estimated productivity II, type of forest B2-dС 
(fresh pine-oak subor), degree of density 0.6, 
tree volume for 1 ha / 310 m
3
. 
Cores were taken by Pressler borer at 
1.3 m of trunk of dominant and undamaged 
trees. The widths of early and late wood were 
measured using LINTAB (measuring system is 
widely used in dendrochronology) and the 
TSAP software in dendrochronological labora-
tory at Institute of Geography, Friedrich-
Alexander-Universität Erlangen-Nürnberg. 
Dating of tree rings was carried out to deter-
mine calendar date of formation for each tree 
ring. Quality of tree ring dating was checked 
using the program COFECHA [9, 10]. Com-
mon tree ring chronology was built on the base 
of tree ring chronologies for tree ring width for 
each tree by averaging ones.  




Indexing of tree-ring chronologies was 
realized using the program ARSTAN to move 
away age trend. This makes it possible to ana-
lyze response of pine radial growth to climatic 
factors using the program RESP from the pro-
gram set DPL [10]. We used index tree ring 
STANDART to analyze influence of climate on 
pine radial growth because the best results were 
gotten with this tree ring index chronology. 
Correlation analysis and multiple regres-
sions were used for revelation of influence of 
climate on radial growth by the program RE-
SPO. Values of STANDART chronology were 
used as independent variables while the aver-
age monthly air temperature values and the 
average monthly precipitation values for 1959-
2016 for the period from June to September of 
the current year, have been applied as varia-
bles. The data of the Kharkiv meteorological 
station at the airport (49 ° 55'N, 36 ° 17'E, 152 
m altitude) for the period 1959-2016 was used. 
The average monthly temperature and monthly 
precipitation values for the Kharkiv meteoro-
logical station are presented on fig. 1. The 
most warm (21.9 °С) and humid (70 mm) 
month was July, and the coldest month – Janu-
ary (-4.6 °С). The minimum precipitation was 














































Fig. 1 – Climatogram of Kharkiv Meteorological Station 
 
Results and discussion 
The dynamics of the pine radial growth 
for all types of wood is presented in Fig. 1. The 
years of minimum and maximum growth, which 
are called the pointer years, in which about 90% 
of trees have the same growth trend are re-
vealed. Years of minimal growth: 1933, 1942, 
1956, 1972, 1976, 1976, 1987, 1992, 2002, 
2006, and 2012; years of maximum growth: 
1933, 1942, 1956, 1972, 1975, 1976, 1979, 
1979, 1979, 1987, 1992, 2002, and 2012 (Fig. 2). 
Depression of the pine radial growth 
was due to negative weather conditions (low 
and high winter and early spring temperature; 
droughts during the growing season). Maxi-
mum radial growth was as result favorable 
weather conditions (Fig. 2, 3, 4). 
Climatic indicators during two periods 
(1960-1988 and 1988-2016) were compared. In 
the last years of 1988-2016, compared with 
1960-1988, the average annual temperature 
increased by 1.2 ° С, during the growing sea-
son – by 0.9 ° С, during the winter – by 1.7 ° С 
and in March – at 2.1 ° С. Low increase in  
precipitation for growing period (by 19 mm), 
and at the same time, the winter precipitation 
decreased by 15 mm were noted (Table 1). The 
biggest changes occurred for winter and early 
autumn temperatures. 
For 2009-2016 a significant increase in 
temperatures during the growing season was 
noted, which negatively affected the radial in-
crement (Fig. 1, 2.). Deviation from the norm 
of this temperature was 9% (1.7 ° C), while the 
indices of radial growth decreased by 4% dur-
ing this period. 
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Середня сума опадів за: рік IV-VIII місяці зиму
 
Fig. 4  –  Dynamics of precipitation (data of  the Kharkiv meteorological station) 




Table 1  
Difference between climatic factors and STANDART index chronology for two periods: 
1960-1988 and 1988-2016 
 
 
Periods, years Difference in% between first 
and second periods 
 1960-1988 1988-2016 
Average temperature (ºС) 
Year 
 
7,5 8,7 14 
IV-VIII months 
 
16,8 17,7 5 
winter 
 
-5,3 -3,6 32 
III month -0,67 1,8 63 
Precipitation (mm) 
year 542 579 7 
IV-VIII months 258 277 7 
winter 134 119 -11 
Index tree ring chronology STANDART 
 0,98 0,95 -4 
 
The correlation coefficient (0.44) be-
tween tree ring chronologies for all trees allows 
realization of correlation analysis between radi-
al growth and climatic factors (Table 2). 
The coefficient of autocorrelation of the 
first order, which characterizes how closely 
tree ring width of the annual ring of this year is 
related to the tree ring width of the previous 
year[11], was high (Table 2). This indicates the 
favorable forest and climatic conditions for 
growing pine stands. 
 
Table 2 


































2,63 0,21 1,62 0,88 810 0,44 
S* 1925-
2016 
1,00 0,133 0,179 0,57 809  
 
*–STANDART index-tree chronology  
 
The correlation analysis and the response func-
tion for two periods showed that with the in-
crease of temperatures and precipitation (the 
exception is winter precipitation), the reaction 
of forest ecosystems to the influence of climate 
changes, as in 1960-1988, the radial growth 
was limited the low April and high July tem-
peratures, then later, in 1988-2016 negatively 
affected the radial increase of September tem-
peratures of the previous year which are influ-
ence on winter wet accumulation, and the neg-
ative influence of June temperatures. There 
was a slight increase in precipitation, but on 
the background of high temperatures negative 
correlations between the indices of radial 
growth and precipitation became more in the 
second period than in the first one (Fig. 5).  
 









































































































































































































































































































































































































































c) Precipitation for the first period of 1960-1988 
 
d) Precipitation for the second period 1988-2016 
 
Fig. 5 – Correlation analysis and analysis of the response function for the average monthly temperatures and the 
STANDART index chronology for annual tree ring widths. Significant correlations at 0.05 level are indicated by 
gray columns, and significant correlations between temperatures and radial growth are marked by black circles 
 
In the first period of 1960-1988, there 
was a positive effect of precipitation on radial 
growth in the 1960-1988 because on the back-
ground of low winter temperatures there was 
moisture accumulation in the soil, but in the 
next years 1988-2016 this influence became 
opposite - negative, which is probably due to 
an increase in winter and early spring tempera-
tures, which did not contribute to the formation 
of a constant snow cover. As a result of thaw-
ing during the winter there was no moisture 
accumulation at the level of the past 1960-
1988., which negatively affected the formation 
of tree ring widths. 
D.V. Tishin [7] also showed an increase 
in the negative effects of winter precipitation 
on radial growth, due to the increase in winter 
temperatures and flooding over the past years. 
Such a reaction of radial growth to the influ-
ence of winter precipitation can be due not on-
ly to climate fluctuations, but also to changes 
in groundwater levels. 
Conclusions 
At comparison 1960-1988 and 1988-
2016, it was revealed that for the first period, 
the positive influence of summer temperatures 
on the radial growth is characteristic, while for 
the second period they begin to limit the radial 
growth. A slight increase in precipitation for 
growing period could not mitigate the negative 
influence of high temperatures on the for-
mation of tree rings. In the second period, the 
increase of the negative influence of winter 
precipitation on growth, which was caused by 
an increase in winter temperatures and thaw, 
was found to have a negative effect on the wet 
accumulation of soil and the formation of an-
nual pine rings. 
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